BACKGROUND: Despite effective monotherapy for diabetes, approximately 50% of patients require additional medications after 3 years to achieve target glycosylated hemoglobin (A1C) < 7%. Three new agents, each the first in its therapeutic class with a unique mechanism of action, have been approved for the treatment of type 2 diabetes by the U.S. OBJECTIVE: To review the efficacy and safety of 3 new agents for type 2 diabetes (exenatide and pramlintide by subcutaneous injection and sitagliptin by oral administration) and to define their place in therapy given their relatively high cost and unknown long-term safety and efficacy.
• The 2006 consensus statement from the American Diabetes Association (ADA) provides an overall summary for the management of hyperglycemia in patients with type 2 diabetes. Exenatide and pramlintide are briefly mentioned in this document; sitagliptin is not mentioned at all. None of these 3 agents is included in the ADA treatment algorithm to define their place in therapy.
• The new Standards of Medical Care in Diabetes-2008 do
not elaborate on the place in therapy for these 3 newer agents.
There is a brief mention of pharmacologic therapy, with only limited data on the new agents (stating that the new agents may be appropriate in some patients) and noting the more recent (2007) (2008) safety concerns with the thiazolidinediones since the consensus guidelines were developed.
• The American Association of Clinical Endocrinologists Medical
Guidelines for Clinical Practice for the Management of Diabetes Mellitus (2007) dedicate 1 to 2 short summary paragraphs reviewing the new agents. This guideline provides all viable options for monotherapy and combination therapy but does not provide guidance on place in therapy, overall treatment algorithm, or how the new agents might fit within a hierarchical treatment algorithm.
diabetes, to summarize the data for agents (exenatide, pramlintide, and sitagliptin) that have recently become available, and to help the clinician identify clinical situations in which the new agents should be considered in the treatment algorithm.
■■ Glucose Homeostasis and Pathophysiology of Type 2 Diabetes
Normal glucose metabolism involves a balancing act between insulin and glucagon. When glucose is consumed, beta cells in the pancreas are stimulated to release insulin and suppress glucagon. Insulin is typically secreted in 2 phases: a quick, immediate increase in response to glucose intake followed by a slower, sustained release. Insulin allows for cellular uptake of glucose, the energy source for the cell. It also inhibits any cellular production of glucose. 2 Glucagon, another regulatory hormone, reacts in response to low plasma glucose levels. It stimulates the production of glucose via gluconeogenesis, ketogenesis, and hepatic breakdown of glycogen.
Other hormones have also been found to play key roles in regulating glucose homeostasis. Incretin hormones are released from the gut after a meal. One of these incretin hormones, glucagon-like peptide-1 (GLP-1), binds to the beta-cell membrane in the pancreas, thereby stimulating insulin secretion by the beta cell. GLP-1 is not activated when glucose concentrations are below a certain threshold, thereby preventing glucose levels from becoming too low. Studies have shown that GLP-1 also appears to increase cell glucose sensitivity and aids in insulin synthesis and beta-cell function.
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Amylin, a neuroendocrine hormone, has also been found to be important for glucose metabolism. Amylin is released from the beta cells of the pancreas in conjunction with insulin secretion. It binds to receptors in the brain to aid in the regulation of glucose by inhibiting glucagon secretion. This allows the body to use glucose recently ingested instead of glucose via gluconeogenesis. [7] [8] [9] In type 2 diabetes, regulation of glucose utilization is impaired because of decreased pancreatic beta-cell function, which causes decreased insulin and amylin secretion. The result is decreased blood glucose utilization and over-expression of glucagon. Unopposed glucagon will subsequently increase glucose production from endogenous sources and promote glycogen breakdown. Incretin hormone secretion, including GLP-1, is also decreased in type 2 diabetes, further impeding insulin production by and secretion from beta cells. The net result is hyperglycemia and perpetuation of the unregulated cycle. 2, 3, 9 ■■ Management of Type 2 Diabetes In order to prevent the complications of diabetes, the American Diabetes Association (ADA) recommends glycosylated hemoglobin (A1C) < 7%. Lifestyle interventions, such as good nutrition and exercise, are an important component of managing type 2 diabetes. However, for many patients, diet and exercise alone are inadequate to maintain optimal blood glucose control. As such, the current ADA guidelines recommend initiation of metformin at the time of diagnosis and consider metformin to be the only drug for diabetes prevention. 10 The ADA and the American Association of Clinical Endocrinologists (AACE) provide an overview of the treatment options for glycemic management. 10, 11 The different classes of agents available for the management of diabetes are shown in Table 1 . Treatment is usually initiated with oral metformin monotherapy; a sulfonylurea should be considered in patients in whom metformin is not an option (i.e., those with reduced renal function). [10] [11] [12] [13] [14] Despite optimal monotherapy, approximately 50% of patients with diabetes will require additional medications after 3 years to achieve an A1C < 7%.
14 A second oral agent is often added at this point. If a patient is receiving the maximum dose of metformin, a sulfonylurea is typically added. 10, 12, 14, 15 If a patient is unable to tolerate or has a contraindication to metformin or sulfonylurea therapy, a thiazolidinedione or bedtime insulin may be added to aid in further reducing A1C. 10, 12, 16, 17 Insulin may be favored over a thiazolidinedione if levels of glycemia are high (≥ 8.5%) or if a patient cannot tolerate a thiazolidinedione. Despite the variety of treatment options available, combination therapy with or without insulin may still be inadequate to achieve glycemic control.
Bolen et al. conducted a systematic review outlining the comparative efficacy and safety of the oral medications (excluding sitagliptin) for type 2 diabetes. 18 In recent years, compounds that mimic the actions of the natural endocrine hormones GLP-1 and amylin have been isolated and are now available for the treatment of type 2 diabetes. Two of these agents, exenatide and pramlintide, are available for subcutaneous use only. Sitagliptin is a new oral agent that inhibits the metabolism of GLP-1. The availability of new agents with differing mechanisms of action for a disease state whose incidence has increased by 54% in the past 7 years in the United States is generally viewed as favorable. However, there are concerns with the routine use of newer agents given the lack of long-term efficacy data, their high cost, and ongoing reports through post-marketing data regarding overall safety.
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Clinical Studies Exenatide Exenatide (Byetta, Amylin Pharmaceuticals), is an incretin mimetic similar to GLP-1 that was originally discovered in Gila monster saliva. Exenatide was approved by the U.S. Food and Drug Administration (FDA) in April 2005 and is labeled for adjunctive therapy to improve glycemic control in patients with type 2 diabetes who are taking metformin, a sulfonylurea, or a thiazolidinedione, either alone or in combination. 20 Exenatide binds to the GLP-1 receptor in the gut, but it has increased potency and a longer duration of action than endogenous GLP-1. [20] [21] [22] It has been shown to potentiate insulin secretion, decrease glucagon secretion, decrease gastric emptying time, and enhance satiety.
It may also promote beta-cell synthesis and proliferation. [20] [21] [22] [23] In an in vitro trial using human pancreatic islet cells, Chen et al. demonstrated that exenatide reduced apoptotic factors and maintained beta-cell function. 24 Fineman et al. also showed a possible improvement in beta-cell function with exenatide therapy.
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Efficacy of Exenatide
Several studies have been conducted that evaluated the safety and efficacy of exenatide. Overall, twice-daily subcutaneous dosing of exenatide was able to decrease A1C and fasting plasma glucose while also reducing weight in patients with type 2 diabetes.
These effects were initially shown in a 28-day trial comparing twice-daily administration of placebo or exenatide 2.5 mcg, 5 mcg, 7.5 mcg, or 10 mcg. 26 All exenatide treatment groups displayed significant decreases in A1C, with the absolute decrease being dose-dependent. There was also a dose-related decrease in weight compared with baseline by day 28 with all exenatide doses compared with no change in weight in subjects receiving placebo. Only the exenatide 7.5 mcg and 10 mcg groups experienced significant weight loss compared with baseline (-1.4 kg and -1.7 kg, respectively; P < 0.010). In another 28-day trial, 109 patients were randomized to receive placebo or 1 of 3 exenatide 0.08 mcg per kg regimens (twice-daily, breakfast/ dinner; twice-daily, breakfast/bedtime; or 3-times-daily). 25 There was a significant decrease in A1C compared with placebo for the twice-daily (breakfast/dinner) and 3-times-daily regimens (-1.1% and -1.0% versus -0.3%, P < 0.001) and for the twice-daily (breakfast/bedtime) regimen (-0.7% versus -0.3%, P = 0.006). There was no difference in fasting plasma glucose, body weight, or lipid levels between any of the treatment groups.
Hypoglycemia occurred in 15% of patients overall (active and placebo groups) and was reported to only be seen in patients who were also receiving a sulfonylurea. Unfortunately, no specific data on the incidence of hypoglycemia, either overall or in the subgroup of patients receiving a sulfonylurea, were reported. Nausea was the most commonly reported adverse effect, with exenatide therapy occurring in 31% of patients overall. However, this declined to 13% by day 28. This study demonstrated that short-term therapy with exenatide is effective in combination with a sulfonylurea and/or metformin. However, it suggested that the risk for hypoglycemia is higher in patients receiving concomitant sulfonylurea therapy, although no specific data were provided to assess this risk. In addition, this study was limited by its short duration.
The long-term studies evaluating the safety and efficacy of exenatide therapy for type 2 diabetes are summarized in Table 2 . Buse et al. conducted a blinded, placebo-controlled, randomized study of 377 patients with type 2 diabetes who were not controlled on the maximum dose of a sulfonylurea. 27 Baseline characteristics of all treatment groups were similar, with an average A1C of 8.6%, mean age of 55 years, and an average body mass index (BMI) of 33 kg per m 2 . Patients were randomized to receive placebo or exenatide 5 mcg or 10 mcg subcutaneously twice daily for 30 weeks. All patients who were to receive exenatide were initiated at 5 mcg twice daily for 4 weeks to improve tolerability. The high-dose group then had their dose increased to 10 mcg twice daily. Exenatide significantly decreased A1C in both treatment groups, with mean decreases of 0.46% and 0.86% in the 5 mcg and 10 mcg groups, respectively, compared with a 0.12% increase in the placebo group. There were no differences in fasting plasma glucose seen between exenatide 5 mcg twice daily and placebo, but there was a significant decrease when exenatide 10 mcg twice daily was compared with placebo (-0.6 mmol per L vs. 0.4 mmol per L, P < 0.050).
There was a reduction in the proinsulin:insulin ratio in the exenatide 10 mcg group at week 30 when compared with placebo. There was also a significant decrease in fasting plasma insulin in patients receiving exenatide (both doses) versus those receiving placebo. At week 30, only the exenatide 10 mcg group showed a significant weight loss (-1.6 kg) compared with placebo (-0.6 kg). Nausea, the most common side effect reported, was seen in 51% of those receiving exenatide 10 mcg, 39% of those receiving exenatide 5 mcg, and 7% of those receiving placebo. Nausea was most prevalent within the first 4 to 8 weeks of therapy, with the incidence decreasing to 5% to 10% by week 24 of therapy. Mild to moderate hypoglycemia was reported at in 36%, 14%, and 3% of subjects in the 10 mcg, 5 mcg, and placebo groups, respectively. Other common adverse events with exenatide therapy included dizziness, feeling jittery, vomiting, diarrhea, and upper respiratory infection. This study demonstrated that adding exenatide to patients not adequately controlled on sulfonylurea therapy can improve A1C control in patients with type 2 diabetes. Exenatide 10 mcg subcutaneously twice daily provided additional improvement in fasting plasma glucose, proinsulin:insulin ratio, and weight loss.
DeFronzo et al. conducted a similar blinded, placebocontrolled, randomized study in 336 patients with type 2 diabetes who were not adequately controlled on metformin (1,500 mg per day). 28 All patients (treatment and placebo groups combined) had similar baseline characteristics (A1C 8.2%, mean age 53 years, and average BMI 34 kg/m 2 ). Patients were randomized to receive placebo or exenatide (5 mcg or 10 mcg twice daily) for 30 weeks. Exenatide 5 mcg and 10 mcg twice daily decreased A1C significantly compared with placebo (-0.4% and -0.8% vs. 0.1%, P < 0.001). Fasting plasma glucose, post-prandial plasma glucose, and body weight were all significantly decreased when both exenatide doses were compared with placebo. Nausea was the most common adverse effect; it was reported most often in the exenatide 10 mcg group (45%) compared with the exenatide 5 mcg group (36%) or the placebo group (23%), suggesting a dose-related effect. It was noted more in the first 8 weeks of therapy and declined thereafter. Hypoglycemia (5%) was similar across all groups when exenatide was administered with metformin. This study showed that exenatide 5 mcg and 10 mcg subcutaneously twice daily in combination with metformin significantly decreased A1C, fasting plasma glucose, post-prandial plasma glucose, and body weight compared with placebo in patients with type 2 diabetes.
Exenatide was also studied in 733 patients not adequately controlled with a sulfonylurea, metformin, or a combination of both in a double-blind, placebo controlled trial. 29 Patients were randomized to receive placebo or exenatide 5 mcg or 10 mcg subcutaneously twice daily for 30 weeks. Patients had similar baseline characteristics: A1C of 8.5%, mean age of 55 years, and an average BMI of 33.6 kg/m 2 . Similar results were seen, as in the previous trials, with decreases in A1C, fasting plasma glucose, post-prandial glucose, and body weight when exenatide 5 mcg or 10 mcg twice daily were compared with placebo. Nausea was again the most commonly reported adverse event, with the highest incidence seen with exenatide 10 mcg (48.5%) and exenatide 5 mcg (39.2%) compared with placebo (20.6%). Tolerance to nausea developed several weeks after initiation of treatment. In this study, the incidence of hypoglycemia was 4-and 5-fold greater in both treatment groups (5 mcg: 19.2%, 10 mcg: 27.8%) compared with the study by DeFronzo et al. (4.5% and 5.3%, respectively). This is likely because patients were receiving a sulfonylurea in addition to metformin. The incidence of hypoglycemia in patients receiving placebo was also higher than that seen in the DeFronzo trial (12.6% vs. 5.3%). 28 Other common adverse events with exenatide included feeling jittery, vomiting, diarrhea, upper respiratory infection, and headache. Despite the increased risk of hypoglycemia, this study showed that the addition of exenatide to patients not adequately controlled with their current regimen, including combination therapy, is effective and well tolerated.
Zinman et al. conducted a double-blind, placebo-controlled trial in 233 patients with type 2 diabetes who were stable on a 
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Both doses of exenatide resulted in a significant decrease in body weight (-1.6 kg) compared with placebo (-0.9 kg). 
Body weight Exenatide LAR 0.8 mg no change Exenatide LAR 2 mg -3.8 kg a Placebo no change a P < 0.050
Once-weekly long-acting exenatide 2 mg had similar plasma concentrations as once-daily exenatide 10 mcg after 6 weeks of treatment. 30 Patients were randomized to receive either placebo or exenatide (5 mcg twice daily for 4 weeks, then increased to 10 mcg twice daily for 12 weeks). Baseline characteristics were similar between groups, with a mean A1C of 7.9%, age of 56 years, and BMI of 34 kg per m 2 . At week 16, there was a decrease in A1C with exenatide compared with an increase in the placebo group (-0.89% vs. + 0.09%, or a mean between-group difference of -0.98, 95% confidence interval [CI], -1.21 to -0.74). Exenatide also significantly decreased fasting plasma glucose, daily self-monitored glucose levels, post-prandial glucose, and body weight when compared with placebo. There was no difference in outcomes between patients who were receiving a thiazolidinedione alone compared with those receiving a thiazolidinedione with metformin. Not surprisingly, nausea was the most commonly reported adverse event compared with placebo (39.7% vs. 15.2%). Similar rates of hypoglycemia were seen in patients receiving exenatide and placebo (10.7% vs. 7.1%).
The efficacy of exenatide has also been compared with insulin, another agent frequently prescribed for managing type 2 diabetes. 2 Heine et al. compared 26 weeks of therapy with either exenatide or insulin glargine in 549 patients who were taking maximum doses of metformin and a sulfonylurea in a randomized, openlabel trial. 31 Patients were randomized to receive either exenatide (5 mcg twice daily for 4 weeks, then increased to 10 mcg twice daily for the remainder of the study) or insulin glargine (initiated at 10 units/day and titrated as necessary to achieve a fasting blood glucose of < 100 mg per dL) for 26 weeks. A1C decreased comparably in both treatment groups. Insulin glargine decreased fasting plasma glucose to a greater extent than exenatide (-51.5 mg per dL vs. -25.7 mg per dL, P < 0.001). Patients receiving exenatide had more constant blood glucose levels throughout the day compared with those receiving insulin glargine, an interesting finding since insulin glargine is thought to be a peakless insulin product. Nausea was reported approximately 6 times more with exenatide (57.1%) compared with insulin glargine (8.6%), most notably in the first few months of therapy. Patients receiving insulin glargine had an increase in body weight (+ 1.8 kg) compared with a loss seen in patients receiving exenatide (-2.3 kg). There were similar rates of hypoglycemia between insulin glargine and exenatide. Other common adverse events with exenatide therapy included constipation and dyspepsia.
A long-acting release (LAR) exenatide formulation is currently being studied but is not yet approved by the FDA. In a randomized, placebo-controlled, phase 2 study, Kim et al. evaluated 45 patients with type 2 diabetes managing their disease with diet plus exercise and/or metformin. 32 At baseline, patients had an average A1C of 8.5% and weight of 106 kg. Subjects were randomized to receive either exenatide LAR (0.8 mg or 2 mg) or placebo as weekly subcutaneous injections for 15 weeks. At week 15, A1C was significantly decreased in both the exenatide LAR 0.8-mg and 2-mg groups versus placebo (-1.4% and -1.7% vs. + 0.4%, respectively, P < 0.001). Fasting plasma glucose was also decreased by -2.4 mmol per L (exenatide LAR 0.8-mg group) and -2.2 mmol per L (exenatide LAR 2-mg group) compared with + 1.0 mmol per L in the placebo group (P < 0.001). Body weight was significantly decreased in the exenatide LAR 2-mg group (-3.8 kg compared with no change in both the exenatide LAR 0.8-mg and placebo groups, P < 0.050). The most common adverse effects reported were nausea, gastroenteritis, and hypoglycemia. This study shows the potential efficacy for a long-acting formulation of exenatide, which would be a novel treatment approach for this disease state.
Amori et al. recently (2007) described a meta-analysis evaluating the efficacy and safety of incretin therapy. 33 Based on pooled analysis of the data from placebo-controlled trials, there was a significant reduction in A1C with exenatide therapy (-0.97%; 95% CI, -1.13% to -0.81%). Patients receiving exenatide were also more likely to achieve an A1C < 7% compared with those receiving placebo. Significant but modest weight loss occurred with exenatide therapy (weighted mean difference, -2.37 kg; 95% CI, -3.95 to -0.78), which was progressive, dose-dependent, and did not plateau by week 30. Severe hypoglycemia was rare; mild to moderate hypoglycemia occurred more often with exenatide than placebo (16% vs. 7%, respectively), particularly in patients receiving concomitant sulfonylurea therapy. Based on their analysis, the authors considered exenatide therapy to be an option for the treatment of non-pregnant adults with type 2 diabetes, particularly in patients with adequate beta-cell function who are at risk for developing hypoglycemia and who would benefit from weight loss.
Safety of Exenatide
Nausea is the most common side effect seen with exenatide therapy, with the incidence increasing with increasing dose. The incidence of nausea is about 44% with exenatide compared with 18% with placebo. Patients can expect to develop a tolerance to nausea within the first 2 months as exenatide use continues. 20 Exenatide does not cause hypoglycemia. However, when studied as adjunctive therapy to sulfonylureas, the incidence of hypoglycemia was 4 to 5 times higher than when used in combination with other treatment options. For this reason, it is recommended to decrease the sulfonylurea dose by 50% when a patient initiates exenatide therapy. 20 Studies have shown that it is not necessary to adjust metformin dosing due to any concern for hypoglycemia. 25, 28 Other potential adverse events that patients may experience include diarrhea (13%), feeling jittery (9%), dizziness (9%), headache (9%), and dyspepsia (6%). 20 The FDA recently issued a warning to health care professionals about the potential for exenatide to cause acute pancreatitis, an event seen in 30 patients through post-marketing reports. Twenty-one of these reports required hospitalization, with 5 of these having serious complications. Based on these reports, patients should discontinue exenatide therapy if any symptoms of pancreatitis develop. 34 To date, no studies have demonstrated major drug interactions with exenatide. Recent post-marketing reports suggest that concomitant use of warfarin and exenatide may result in an increased International Normalized Ratio (INR). 20 Patients who are taking both warfarin and exenatide should be monitored for bleeding. Because exenatide decreases gastrointestinal emptying, medications that require rapid absorption (e.g., pain medications) should be taken at least 1 hour before or 2 hours after exenatide administration to ensure adequate absorption. 20 Exenatide is not approved for, nor are there published trials evaluating its safety and efficacy, in pediatric patients. It is pregnancy category C because it has been shown to cause reduced fetal and neonatal growth in animals. It is not known whether exenatide is excreted in human breast milk. Therefore, exenatide should be used cautiously, if at all, in nursing women.
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Dosage and Administration of Exenatide
Exenatide is available as pre-filled pens that deliver 60 doses of medication (either 5 mcg or 10 mcg per dose). Pre-filled pens should be kept refrigerated but should not be frozen. Unopened pens are good until the expiration date on the carton. Opened pens can be kept at room temperature and should be discarded 30 days after they are first used, even if some drug remains in the pen. 20 Like insulin, exenatide is administered by subcutaneous injection. However, it is dosed in micrograms rather than units. Exenatide therapy should be initiated at 5 mcg twice daily, administered within the 60-minute period before the 2 largest meals of the day (at least 6 hours apart). It should not be administered after a meal. If a patient is able to tolerate exenatide 5 mcg twice daily after 1 month, and additional blood glucose lowering is needed, the dose may be increased to 10 mcg twice daily. Tolerance to nausea should develop over time. If a patient is currently receiving a sulfonylurea, the sulfonylurea dose should be decreased by 50% when exenatide is initiated, and the patient should be counseled on the signs and symptoms of hypoglycemia. No dose adjustment is needed for patients receiving concomitant metformin therapy or for elderly or hepatically impaired patients. 20 No dosage adjustment is necessary in patients with mild to moderate renal impairment, but its use should be avoided in patients with severe renal disease (creatinine clearance < 30 mL per minute) or end-stage renal disease because clearance is significantly reduced.
Summary for Exenatide
Exenatide is a new treatment option for the management of type 2 diabetes that works by a novel mechanism of action. In shortterm trials, it has been shown to be safe and effective for patients with type 2 diabetes who are either at the maximum doses of or cannot tolerate metformin, sulfonylurea, and/or thiazolidinedione therapy and still need to decrease their A1C by at least 0.5% to 1.0%. It may also be a good choice for those patients concerned with weight gain from other antidiabetic medications or in those needing to lose weight to improve glycemic control since it has been shown to lead to weight loss. While clinical trials published to date have shown promising results, the trials primarily studied patients who were relatively healthy with no serious comorbidities. Post-marketing studies will provide a better picture of the long-term efficacy and safety profile of exenatide. While exenatide is a viable option for adjunctive therapy, it requires 2 injections daily, has a moderate effect on A1C relative to insulin, and is quite costly. Compliance should be closely assessed, particularly given the nausea seen early on in treatment.
Pramlintide
Pramlintide (Symlin, Amylin Pharmaceuticals) is an analog of the neuroendocrine hormone, amylin, which appears to be at least as potent as endogenous amylin.
9,35 It decreases post-prandial glucagon secretion, slows gastric emptying, and increases satiety. Because amylin dysfunction occurs in patients with diabetes, providing exogenous amylin could attenuate the issues of satiety and increased glucagon secretion, which affect patients with type 2 diabetes.
Pramlintide was approved by the FDA in March 2005; it is labeled to be given at meal times for type 1 and type 2 diabetes in patients who use meal-time insulin therapy and who have failed to achieve the desired glucose control despite optimal insulin therapy. 35 Patients with type 2 diabetes may or may not also be receiving concurrent treatment with a sulfonylurea and/or metformin. The data evaluating the use of pramlintide for patients with type 2 diabetes are summarized below.
Efficacy of Pramlintide
There are 2 pivotal phase 3 trials evaluating the safety and efficacy of pramlintide in type 2 diabetes (Table 3 ). Both were randomized, placebo-controlled, double-blind trials that analyzed subjects for a total 52 weeks. 36, 37 Patients were already stable on insulin and may or may not have also been receiving metformin and/or a sulfonylurea. The baseline characteristics of subjects in both trials in all treatment groups were comparable (average age of 56 years, primarily white, average A1C of 9.1%).
Ratner et al. randomized 538 patients to receive either placebo or pramlintide 30 mcg, 75 mcg, or 150 mcg 3 times daily for 52 weeks. 36 At 13 weeks, there was a 1% decrease in A1C in the pramlintide 75-mcg and 150-mcg groups. By week 52, there was no significant difference between the pramlintide 75-mcg and placebo groups. The pramlintide 150-mcg group remained significantly better than placebo at week 52, but the difference went from a 1.0% decrease at week 13 to a 0.6% difference at week 52. The effect of pramlintide on body weight was significantly different than placebo for all 3 pramlintide doses and remained constant through week 52, with the most dramatic weight loss occurring within the first month. While insulin use increased among all groups, placebo and treatment alike, the increase in insulin dose in the pramlintide treatment groups increased 7.9% to 10.9% compared with an increase of 15% with placebo (statistical tests not done). Severe hypoglycemia that required glucagon or intravenous glucose occurred in 8 patients and was comparable in all treatment groups, pramlintide and placebo alike. An increased incidence of nausea was reported among the pramlintide 75-mcg and 150-mcg treatment groups, the majority of which • Relative increase in total daily insulin use was less with pramlintide (all doses) compared with placebo.
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• There was a positive dose-response relationship with increasing doses of pramlintide for mean change in A1C through week 52.
Most common with pramlintide 150 mcg vs. placebo:
• was reported within the first 4 to 8 weeks of initiating therapy. While pramlintide 75 mcg 3 times daily was not an adequate dose to maintain a significant decrease in A1C compared with placebo, the study supported the dose of 150 mcg 3 times daily. Hollander et al. randomized 656 patients to receive placebo or pramlintide (60 mcg 3 times daily or 90 mcg or 120 mcg twice daily). 37 Results for the pramlintide 60 mcg 3-times daily group were not reported. Pramlintide therapy resulted in a decrease in A1C throughout the 52 weeks of the trial, with the most significant drop occurring at week 13. Only the 120-mcg twice-daily regimen proved to be significantly better than placebo at week 52. Like the trial by Ratner et al., both treatment groups experienced significant weight loss compared with placebo, which was only maintained throughout the trial for the pramlintide 120 mcg group (-1.4 kg vs. + 0.7 kg placebo, P < 0.050). There was no overall difference in severe hypoglycemia between treatment groups and placebo. There was a difference, though, when hypoglycemia was analyzed at separate time periods. The pramlintide 120 mcg twice-daily group had a higher incidence of hypoglycemia than placebo or pramlintide 90 mcg twice daily within the first 4 weeks of the study (0.9 event rate per patient year vs. 0.3 and 0.1, respectively). After this point, all groups were similar. Nausea was more common with pramlintide than with placebo, most notably within the first 4 weeks of therapy. Beyond the first 4 weeks until the completion of the trial at 52 weeks, the incidence of nausea was similar between all groups.
The efficacy of pramlintide was also assessed in 212 patients suboptimally controlled with basal insulin (insulin glargine) with or without concomitant oral agents. 38 Patients were randomized to receive pramlintide (60 mcg to 120 mcg) or placebo either 2 or 3 times daily, depending on their typical meal pattern (doses were given only with major meals). The primary end points were decrease in A1C relative to baseline and a composite of overall diabetes control (including A1C < 7% or reduction by at least 0.5%, body weight neutral, hypoglycemic events). Patients receiving pramlintide had a significant reduction in A1C compared with placebo (-0.70 vs. -0.36, P < 0.050), and more patients achieved their A1C goal while remaining weight neutral. Pramlintide offered the additional advantage of weight loss (-1.6 kg vs. + 0.7 kg, P < 0.001). This study suggests that pramlintide may be an option to mealtime insulin in patients who are not adequately controlled on basal insulin, with the primary advantage being its ability to result in weight loss rather than the weight gain typically seen with insulin therapy.
Safety of Pramlintide
The most common adverse effects with pramlintide therapy are gastrointestinal in nature. Nausea has been reported in 48% of patients compared with 17% of those receiving placebo. Anorexia is also higher with pramlintide therapy than with placebo (17% vs. 2%). The incidence of vomiting, arthralgias, and fatigue was similar to that seen with placebo. 35 Although pramlintide does not cause hypoglycemia by itself, it potentiates the effects of insulin. It is recommended that meal-time insulin be decreased by 50% when pramlintide therapy is initiated, and then the mealtime insulin dose be titrated as necessary. The product labeling includes a black-box warning for the potential increased risk for severe insulin-induced hypoglycemia within 3 hours of dosing. Hypoglycemia is more pronounced in patients with type 1 diabetes.
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Pramlintide has not been studied in patients receiving concurrent therapy with other agents that slow gastrointestinal motility or absorption. Extreme caution should be used in these patients in the event that pramlintide could alter absorption or gastrointestinal motility. Although pramlintide does not alter nutrient absorption, it does have the potential to alter absorption of oral medications that may be taken at the time of pramlintide administration. Oral medications, such as pain medications, should be administered 1 hour before or 2 hours after pramlintide.
Overall, pramlintide was well tolerated in clinical trials. There have been, however, some potentially significant safety concerns with proper dosing. When the product was first available, it was only supplied in multidose vials with a labeled concentration of 0.6 mg per mL. Pramlintide is dosed in micrograms, not milligrams. To further the confusion, patient instructions indicated the volume to withdraw in units using an insulin syringe. Given that pramlintide is dosed at the same time as meal-time insulin, this could potentially have become a serious safety concern. 39 Recently, the manufacturer took several steps to address these concerns. While the multidose vial is still available on the market, the product labeling on the vial now states a concentration of 600 mcg per mL. In addition, the product is now also available in 2 concentrations of a pen device to make dosing simpler and safer for patients. 40 Pramlintide is not FDA-labeled for use in pediatric patients, but an open-label study in patients aged 12 to 18 years with type 1 diabetes has been published. 41 Further research on the safety and efficacy of pramlintide in pediatric patients is needed. Pramlintide is rated pregnancy category C and should only be used in pregnant women if the benefits outweigh the risks. It is not currently known if pramlintide is excreted in breast milk.
Dosage and Administration of Pramlintide
Pramlintide is available as 5 mL multidose vials (600 mcg per mL solution) and disposable, multidose, pre-filled pens in 2 sizes. The 1.5 mL pen accommodates doses of 15 mcg to 60 mcg, and the 2.7 mL pen is for doses of 60 mcg to 120 mcg. Unopened vials and pre-filled pens should be stored in the refrigerator and should not be frozen. Opened vials and pens can be stored at room temperature or under refrigeration and should be discarded after 30 days, even if not empty.
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It is important to note that the pramlintide dosing for treating type 1 diabetes (15 mcg to 30 mcg 3 times daily) is lower than that for type 2 diabetes. The dose of pramlintide for patients with type 2 diabetes should be initiated at 60 mcg with each major meal that contains at least 250 calories or at least 30 grams of carbohydrate. If patients are able to tolerate the 60 mcg dose after 1 week, the dose may be titrated up to 120 mcg 3 times daily.
Pramlintide appears to be most efficacious when administered immediately prior to meals. 42 The dose of rapid-and short-acting insulins should be decreased by 50% when initiating pramlintide therapy to reduce the potential for hypoglycemia. It is also important to note that pramlintide cannot be mixed with insulin and, therefore, must be given as a separate injection. 35 Pramlintide dosing does not need to be adjusted for the elderly or for patients with renal or hepatic impairment; there are no studies in dialysis patients.
Summary for Pramlintide
Pramlintide is another new agent recently approved for the treatment of diabetes. Like exenatide, it offers a novel mechanism of action and can result in modest weight loss. While studies conducted to date have shown it to be effective as adjunctive therapy, lowering A1C by approximately 0.6%, it must be used in patients who are receiving concomitant insulin therapy. Because it is also a subcutaneous injection, there may be compliance problems because it means 3 additional subcutaneous injections daily on top of the existing insulin regimen. Despite these limitations, pramlintide may provide an appropriate option for further glycemic control in highly compliant patients who have failed to achieve adequate glycemic control with an individualized insulin regimen since these patients are difficult to manage.
Sitagliptin
Sitagliptin (Januvia, Merck & Co., Inc.) is a dipeptidyl peptidase-4 (DPP-4) inhibitor. While it does not act by mimicking the actions of natural neuroendocrine hormones, it is yet another new class of agents for the treatment of type 2 diabetes. Sitagliptin was approved by the FDA in October 2006 and is labeled for the treatment of type 2 diabetes as monotherapy or adjunctive therapy in combination with metformin, sulfonylureas, or a thiazolidinedione when the existing regimen no longer provides adequate blood glucose control. 43 GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) are incretin hormones that stimulate insulin secretion in the beta cell, may increase cell glucose sensitivity, aid in insulin synthesis, and improve betacell function. GLP-1 and GIP are degraded by DPP-4. Sitagliptin enhances the effect of these incretin hormones by decreasing their metabolism. 43 Pharmacokinetic studies have shown that there was a 2-to 3-fold increase in active GLP-1 and GIP levels following an oral glucose tolerance test 2 hours after a dose of sitagliptin. 44 Theoretically, by increasing the concentration of active GLP-1 and GIP, DPP-4's effects on insulin stimulation, cell glucose sensitivity, and beta-cell function should be enhanced.
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Another DDP-4 inhibitor, vildagliptin, was recently approved for use in Europe 45 but has had delays in coming to the U.S. market due to concerns with skin, kidney, and liver toxicity.
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Efficacy of Sitagliptin
There are 4 key trials evaluating the safety and efficacy of sitagliptin (Table 4) . Raz et al. assessed the efficacy of sitagliptin as monotherapy in 521 patients with type 2 diabetes in a double-blind, placebo-controlled trial. 48 All patients had similar baseline characteristics, with an average A1C of 8.1% and a mean fasting plasma glucose (FPG) of 182.2 mg per dL. Patients were randomized to receive placebo or sitagliptin 100 mg or 200 mg orally once daily for 18 weeks. Patients were either not receiving any medication for their diabetes or they were taking oral regimens that could be discontinued for the duration of the trial. Those using insulin for glycemic control were excluded. A1C significantly decreased in both the sitagliptin 100 mg and 200 mg groups relative to placebo at week 18 (-0.60% and -0.48%, respectively; P < 0.001). The ability of sitagliptin to lower A1C does not appear to be dose dependent since the 200 mg dose did not affect any end points to a greater extent than the 100 mg dose. In this trial, there were 2 characteristics that appeared to predict A1C response: patients earlier in their disease (≤ 3 year history) and those who had a higher baseline A1C (≥ 9%). These subgroups each had an approximate 1% decrease in A1C at week 18. Sitagliptin also decreased the proinsulin:insulin ratio, indicating improved beta-cell function. There was no significant change in body weight. Side effects were comparable to those seen in patients receiving placebo, with the exception of a few uncommon reactions: nasopharyngitis, back pain, osteoarthritis, and extremity pain.
Aschner et al. conducted a double-blind, placebo-controlled, randomized study of 741 patients with an average baseline A1C of 8%, who received monotherapy with placebo or sitagliptin (100 mg or 200 mg) for 24 weeks. 49 Only 49% of patients had been taking an oral hypoglycemic agent prior to entering the study, which was discontinued upon enrollment. Sitagliptin 100 mg and 200 mg decreased A1C significantly better than placebo (-0.61% and -0.76% vs. + 0.18%, respectively; P < 0.001). More patients achieved A1C < 7% with sitagliptin 100 mg and 200 mg than placebo (41% and 45% vs. 17%, respectively, P < 0.001). Both doses of sitagliptin also significantly improved FPG, proinsulin: insulin ratio, 2-hour post-prandial glucose, and homeostasis model assessment (HOMA) beta-cell function compared with placebo. No significant differences in adverse effects between sitagliptin 100 mg and placebo were reported.
Sitagliptin was evaluated as adjunctive therapy to pioglitazone in a double-blind, placebo-controlled trial evaluating 353 patients with type 2 diabetes (mean baseline A1C of 8.1%). 50 All patients also received pioglitazone 30 mg or 45 mg daily. They were randomized to receive placebo or sitagliptin 100 mg once daily for 24 weeks. A significant decrease in A1C was seen with sitagliptin 100 mg daily compared with placebo (-0.85% vs. -0.15%, P < 0.001). Twice as many patients in the sitagliptin group achieved an A1C < 7% (45.4% vs. 23%, P < 0.001) at week 24 when compared with placebo. The proinsulin:insulin ratio also decreased in the treatment group versus the placebo group. The most common side effects with sitagliptin affected the gastrointestinal system.
Goldstein et al. conducted a 24-week, double-blind, randomized trial in 1,091 patients with type 2 diabetes comparing placebo, sitagliptin monotherapy, metformin monotherapy, and sitagliptin/metformin combination therapy. 51 Patients were either on previous metformin therapy or were not currently receiving any oral hypoglycemic agent at the time of enrollment. Patients were randomized to 1 of 6 treatment groups: sitagliptin 100 mg daily, metformin 500 mg twice daily, metformin 1,000 mg twice daily, sitagliptin 50 mg/metformin 500 mg twice daily, sitagliptin 50 mg/metformin 1,000 mg twice daily, or placebo. The sitagliptin/metformin combination therapy was administered as a single tablet given twice daily. A1C decreased significantly in all treatment groups when compared with placebo (-0.66% to -1.9% vs. placebo + 0.17%). All treatment arms demonstrated improvement compared with placebo with regard to FPG and proinsulin:insulin ratio. HOMA beta-cell function was only improved in the metformin 1,000 mg twice-daily, sitagliptin 50 mg/metformin 500 mg twice-daily, and sitagliptin 50 mg/metformin 1,000 mg twice-daily groups. Both active combination groups (sitagliptin 50 mg/metformin 500 mg • Adverse events (diarrhea, nausea, abdominal pain) were most common with high-dose metformin therapy, either alone or in combination with sitagliptin.
• Sitagliptin monotherapy had the lowest incidence of drugrelated side effects.
• Incidence of hypoglycemia was similar among all treatment groups (0.6 to 1.1%) except for high-dose metformin with sitagliptin (2.2%). twice daily, sitagliptin 50 mg/metformin 1,000 mg twice daily) decreased A1C significantly (-1.57% and -2.07%, respectively; P < 0.001) when compared with sitagliptin 100 mg daily (-0.83%), metformin 500 mg twice daily (-0.99%), and metformin 1,000 mg twice daily (-1.3%). They also decreased FPG significantly (-52.9 mg per dL and -69.7 mg per dL, respectively; P < 0.001) when compared with sitagliptin 100 mg daily (-23.3 mg per dL), metformin 500 mg twice daily (-33.1 mg per dL), and metformin 1,000 mg twice daily (-35.1 mg per dL). Hypoglycemia was uncommon in all treatment arms. This study showed that combination therapy with sitagliptin and metformin is more efficacious than monotherapy with either agent alone.
A1C = glycosylated hemoglobin
In a recently published meta-analysis (2007), Amori et al. performed a pooled analysis of the data from placebo-controlled trials and found a significant reduction in A1C with sitagliptin therapy (-0.74%; 95% CI, -0.85% to -0.62%). 33 Overall, the DPP-4 inhibitors were slightly less effective than other hypoglycemic agents. Patients receiving sitagliptin were also more likely to achieve an A1C < 7% compared with those receiving placebo. Sitagliptin was weight neutral, a potential advantage to the weight gain seen with the sulfonylureas and thiazolidinediones. Hypoglycemia was rare, but there was an increased risk of some infections (e.g., nasopharyngitis and urinary tract infections). Based on their analysis, the authors considered sitagliptin therapy to produce moderate improvement in glycemic control, without the added benefit of weight loss seen with exenatide.
Safety of Sitagliptin
The most commonly reported adverse effects with sitagliptin are gastrointestinal in nature, specifically, abdominal pain (2.3%), nausea (1.4%), and diarrhea (3%). 43 Hypoglycemia has also been reported, but the incidence is not significantly higher than that reported with placebo (1.2% vs. 0.9%). Post-marketing experience has reported hypersensitivity reactions, including anaphylaxis, angioedema, and Stevens-Johnson syndrome. Sitagliptin was designed to be specific for the GLP substrate. However, it is not known yet whether it will have any effect on levels of the other DPP-4 substrates such as proteins involved with immunity or other hormones, which could impact its safety profile. 19 At this time, no drug-drug interactions have been reported. 43 Sitagliptin has not been approved for use in pediatric patients. It is rated pregnancy category B, meaning that it is believed to be relatively safe for use in pregnancy based on studies in animals showing no fetal risk without studies available in pregnant women, or studies in animals showing a fetal risk that was not confirmed in studies conducted in pregnant women. Sitagliptin is secreted in the milk of lactating rats, but it is not known if it is secreted into human milk. Therefore, caution should be used in nursing women. 43 
Dosage and Administration of Sitagliptin
Sitagliptin should be dosed at 100 mg daily with adjustments for renal insufficiency (50 mg for creatinine clearance (CrCl) ≥ 30 to < 50 mL per minute; 25 mg for CrCl < 30 mL per minute). No dosage adjustment is necessary for the elderly. It is administered orally and can be taken with or without food. If taken in combination with a sulfonylurea, the dose of sulfonylurea may need to be reduced to decrease the risk of hypoglycemia.
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Summary of Sitagliptin
Sitagliptin is the first drug in yet another new class of agents available for the treatment of type 2 diabetes. Unlike exenatide and pramlintide, sitagliptin offers the advantage of oral administration and is labeled for either monotherapy or adjunctive therapy with metformin, sulfonylureas, or a thiazolidinedione. It has not been studied in combination with insulin. In clinical trials, it has been shown to reduce A1C by 0.6% to 1%, but it does not appear to have a positive effect on weight loss. Although the published data suggest sitagliptin to be relatively safe, it has only been tested in a limited number of patients in short-term trials. It is difficult to define the place in therapy for sitagliptin at this time because of the limited experience with it in practice, its lack of effect on weight loss, its moderate effect on lowering A1C, and its high cost. Interestingly, despite the mild to moderate improvement seen with glycemic control and lack of long-term safety and efficacy data, 14% of new prescriptions for diabetes medications were for sitagliptin within the first 6 weeks of its approval.
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Place in Therapy for These Three New Agents Effective management of type 2 diabetes is handled in a step-wise approach (Figure) . 1, 10, 12 Diet and exercise are important for all patients. However, diet and exercise alone are often inadequate to provide sufficient, sustainable clinical benefit. The current ADA guidelines recommend initial therapy with metformin at the time of diagnosis. 1, 10 Patients unable to tolerate metformin or in whom it is contraindicated should initiate therapy with a sulfonylurea. 12 Many patients will eventually require an additional agent over time in order to maintain adequate blood glucose control. ADA guidelines recommend adding either a sulfonylurea, a thiazolidinedione, or bedtime insulin to metformin at this point. 10 The choice of agent should take into consideration patient preferences, medication cost, and side-effect profile. Many patients are reluctant to initiate parenteral therapy and favor oral treatment options. For this reason, sulfonylureas are often added to metformin because they are affordable and have long-term clinical experience. 12 Thiazolidinediones offer the advantage of oral administration, but they are a costly option, and their definitive role remains unclear, because there is concern with potential adverse cardiovascular effects with rosiglitazone. 1, [52] [53] [54] Insulin is the preferred option for patients in whom A1C is still high (≥ 8.5%) because it remains the most potent glycemic-lowering agent available; however, it is often associated with considerable weight gain. Insulin offers the advantage of being the oldest agent available, with a vast amount of clinical experience, and it is relatively affordable.
The availability of the 3 newest agents-exenatide, pramlintide, and sitagliptin-has expanded the available treatment options. To date, neither the ADA nor the AACE has defined the place in therapy for these new agents in the treatment algorithm given their relative lack of long-term safety and efficacy data. 1, 10, 11 All 3 agents decrease A1C to an equivalent extent (0.5% to 1%), notably less than the reduction seen with the long-standing treatments: insulin, metformin, and sulfonylureas. Each agent offers a unique set of advantages and disadvantages, which must be considered when selecting therapy. Exenatide and pramlintide have a favorable effect on weight loss, which is the most attractive feature of these agents, but they must be administered by subcutaneous injection. In addition, pramlintide must be used in combination with insulin, thereby requiring multiple additional injections daily. Sitagliptin has the advantage of being an oral agent that does not cause hypoglycemia, but it is weight neutral (unlike exenatide and pramlintide). All of these new agents are considerably more costly than most of the older agents (Table 1) . Because these costs are not insignificant, they should be considered when selecting an appropriate agent for any given patient.
Several factors must be considered when determining appropriate treatment options for the management of patients with type 2 diabetes. Side-effect profile (risk for hypoglycemia, history of cardiovascular disease, effect on weight), route of administration (oral vs. subcutaneous), ability to pay for the medication, and patient preferences are all important factors to consider so that the treatment regimen is well tolerated, affordable, and accomplishes the goals for the individual patient. Selection of the most appropriate treatment option should assess risk versus benefit. In patients who cannot tolerate or are unwilling to use agents that have established long-term safety and efficacy (i.e., insulin, metformin, sulfonylureas), a newer agent may be a reasonable treatment option.
As these new, high-cost agents for the management of diabetes have become available, managed care organizations (MCOs) are faced with the potential overuse or misuse of these agents and the associated expense. The ability of drug companies to influence prescribing through direct and indirect marketing strategies can make it difficult for physicians and patients to objectively assess the benefits and risks of the new agents. Exenatide and pramlintide have been considered by some clinicians for their ability to cause weight loss. This same benefit, though, has been viewed as a concern by many managed care providers because of the potential for misuse. Although typically covered in some manner by MCOs and Medicare Part D plans, the use of these new agents is often restricted in some way because of their high cost, limited published data, lack of data about their long-term safety and efficacy, limited clinical experience, and concerns of potential misuse for weight loss. Some plans have implemented step edits requiring a prior history of the use of older hypoglycemic agents in order to allow for coverage of the new agents.
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MCOs can also implement electronic edits to ensure prior or coincident therapy with an antihyperglycemic agent to ensure that exenatide is being used in patients with diabetes and not solely for weight loss. In addition, quantity limits on the prescribing of these agents may be used to limit the dosing to that which has been approved by the FDA and beyond which additional benefit has not been seen (e.g., maximum 100 mg of sitagliptin per day). In some cases, plans may require priorauthorization for the use of these new agents. Ideally, health plans can implement automated control measures that look back in the claims history to gather relevant data. Doing so is transparent to the prescriber and helps to reduce the volume of priorauthorization requests needing processing, a function that is time consuming and costly to the managed care plan. However, even with an automated system, criteria for appropriate use need to be defined for new patients or employers where no claims history exists. The control systems that managed care plans use to restrict the use of these agents will differ depending on the capabilities of their claims processing systems. While restrictions on use can be problematic for health care professionals, they force a thought process to assess appropriateness of use, particularly in light of the limited data that exist to date and the aggressive marketing of these newer agents.
■■ Conclusions
Exenatide, pramlintide, and sitagliptin are the 3 newest agents available for the management of type 2 diabetes. While each of these new agents yields only modest glycemic effects, they provide new and differing mechanisms for managing patients with diabetes. Each agent offers a unique set of advantages and disadvantages that must be considered on a per-patient basis. The primary advantage of exenatide and pramlintide, compared with sitagliptin, is the positive, although modest, effect on weight loss. However, there is limited experience with all of these agents, and their long-term safety and efficacy remain to be determined. While these 3 new agents should generally not be used early in the treatment of most patients because of their higher cost, limited efficacy, and absence of long-term safety data, they offer treatment options for patients not adequately controlled by or who have contraindications to the use of the standard therapies.
